Abstract: Starch gel electrophoresis was used to evaluate the allozyme diversity, population structure, and taxonomic relationships of two closely related taxa endemic to the Iberian Peninsula: Petrocoptis montsicciana O. Bolòs & Rivas Martínez, restricted to the pre-Pyrenean belt of Catalonia and Aragon, and Petrocoptis pardoi Pau, endemic to the Bergantes River basin (Autonomous Community of Valencia). Seven populations of the two species were sampled, and 16 interpretable loci were found. Considerable polymorphism, more than expected in endemic species, was detected in both taxa. The percentage of polymorphic loci (P) when the most common allele had a frequency of <0.95, the mean number of alleles per locus (A), and the expected panmictic heterozygosity (H e ) were slightly higher in P. montsicciana (P = 70.3, A = 2.2 and H e = 0.239) than in P. pardoi (P = 56.3, A = 1.9 and H e = 0.192). Strong divergence between populations was found in both species (G ST = 0.376 in P. montsicciana and G ST = 0.354 in P. pardoi) because of the geographic isolation of populations and limited seed and pollen dispersal. Most loci showed deviations from the Hardy-Weinberg equilibrium, probably as a consequence of genetic substructuring of populations. Low germination and renewal rates, and some anthropogenic activities such as road work, climbing, and massive collection are the main threats to these species.
Introduction
In recent surveys of the genetic diversity of plant species using allozyme analysis, questions of evolution, population structure, taxonomic relationships, or conservation biology have been addressed (Hamrick and Godt 1996; Crawford 2000; Hogbin et al. 2000) . Although some attempts to summarize the existing information on endemic species (Hamrick and Godt 1990, 1996; Gitzendanner and Soltis 2000) provide a consistent general background on allozyme diversity patterns, there is growing evidence that the many particular cases reported recently (Young and Brown 1996; Williamson and Werth 1999; Edwards and Sharitz 2000 , among many others) suggest a far more complex picture. The richness of biodiversity demands further research into endemic species to develop models.
Mountain habitats in the Mediterranean region provide a number of clusters of related species or species groups with common patterns of geographic migration and evolutionary history resulting in similar patterns of phenotypic diversity. Particularly, cytobiogeographic approaches in recent decades (Küpfer 1974 (Küpfer , 1981 Favarger 1974; Galland 1988, and references therein) developed models based on chromosome races as ploidy-multilevel complexes that generally fit with bioclimatic history and distribution areas of mountain endemic species (Küpfer 1981) . A relatively common case is that of the vicariant species, restricted to narrow gorges or vertical walls, which have followed a generally north-south pattern of migration as a result of glaciation (Takhtajan 1986) . They are a good model because of the mainly linear distribution of their populations along river valleys or mountain ranges and the distribution of individuals within populations that form a line along vertical walls. Their genetic and geographic (unidirectional) distances can be easily compared and their founder effects along migration paths can be measured. The allozyme diversity of some chasmophytes (rocky fissure plants) belonging to the genus Antirrhinum has been studied recently (Mateu-Andrés 1999; Torres 1999 ) and research into orophyte (mountain) endemic species of Erodium is currently in progress (J.M. Iriondo, personal communication; J. Simon, unpublished data).
Petrocoptis A. Braun ex Endl., traditionally regarded as a small genus restricted to the calcareous mountains of the northern Iberian Peninsula, comprises a set of perennial chasmophytic species, with narrow ranges and specializing in colonization of vertical rock walls and limestone caves (Montserrat and Fernández-Casas 1990) . The main distinctive character of the genus is the conspicuous bearded hilum of the seeds, which is involved in seed dispersal and establishment (Montserrat and Fernández-Casas 1990; Mayol and Rosselló 1999) . Systematic reviews of this genus differ in the number of taxa recognized, ranging from 4 to 11 units. Petrocoptis pardoi Pau was originally described in 1898 (Pau 1898) , and Petrocoptis montsicciana O. Rivas Martínez, in 1970 (Bolòs and Rivas-Martínez 1970) . In subsequent treatments, P. montsicciana has been included as a subspecies of Petrocoptis crassifolia Rouy (Bolòs and Vigo 1974) and of P. pardoi (Montserrat 1976a; 1976b) , but in 1990, it regained the status of species (Montserrat and Fernández-Casas 1990) . The most recent taxonomic treatment by Mayol and Rosselló (1999) classified Petrocoptis as a subgenus of Silene, consisting of only four species. Petrocoptis montsicciana and P. pardoi were considered synonymous, under the name Silene pardoi (Pau) Mayol & Rosselló.
Both taxa have narrow geographic ranges and few individuals. Petrocoptis montsicciana is limited to the pre-Pyrenean area of Catalonia and Aragon, with an estimated population of around 11 000 individuals and extent of occurrence (IUCN 1994) of ca. 900 km 2 . Petrocoptis pardoi is the southernmost species of the genus, located in the Bergantes River basin (Autonomous Community of Valencia and Aragon), with a similar number of individuals (around 10 000) but a very small geographic range (extent of occurrence: 27 km 2 ) (López-Pujol 2000) . Both species are considered conservation priorities at regional, national, and European levels. Petrocoptis montsicciana is listed as "vulnerable" by Sáez et al. (1998) and Sainz et al. (1996) and is on the Lista Roja de la Flora Vascular Española (Red List of Vascular Spanish Flora) (Aizpuru et al. 2000) . Petrocoptis pardoi is also listed as vulnerable both by Sainz et al. (1996) and Aizpuru et al. (2000) . In addition, P. montsicciana is listed in Annex 2 of the "Habitats" directive of the European Union (EEC 92/43; Official Journal of the European Communities (OJEC) 1992) and in Annex 1 of the revision of the Bern Convention held in Stuttgart in 1992 (Council of Europe 1998).
The analysis of allozyme variation in closely related species enables inferences to be drawn about their phylogenetic relationships (Purdy et al. 1994; Runyeon and Prentice 1997; Kang and Chung 2000; Edwards and Sharitz 2000) and gives some insight into their management needs (Hamrick and Godt 1996) . These taxa should have the same management needs, especially if they have similar habitats. Petrocoptis montsicciana and P. pardoi are closely related species that we can interpret either as a single taxon (Mayol and Rosselló 1999) or a progenitor-derivative species pair, with high genetic similarity (Gottlieb 1973; Crawford 1983 ).
Here we use allozyme electrophoresis to address the following questions: (i) what are the levels and distribution of genetic diversity in P. montsicciana and P. pardoi; (ii) what is the population structure of these chasmophytic plants; and (iii) what is the relationship between P. montsicciana and P. pardoi on the basis of their allozyme variation? We also make some comments on the conservation status of this species and suggest some strategies for its preservation.
Materials and methods

Plant material
Petrocoptis montsicciana and P. pardoi are small herbaceous perennials, morphologically indistinguishable, 10-40 cm tall with pink-purple flowers. Both species are 2n = 24 diploid (Merxmüller and Grau 1968; Fernández-Casas and Ruiz-Rejón 1974; Fernández-Benito 1999) . Petrocoptis montsicciana is outcrossed and pollinated mainly by long-tongued bees of the genus Anthophora (Hymenoptera) but also by some Diptera, such as Bombylius sp., and the Lepidoptera, Macroglossum stellatarum. Although the species is self-compatible, self-pollination rarely occurs because of protandry (M. Bosch, J. López-Pujol, J. Simon, and C. Blanché, unpublished data). Data on pollination of P. pardoi are very scarce in the literature; Sainz et al. (1996) reported Apis mellifera as the main pollinator. There are no data available on breeding systems. These species grow on limestone walls and caves at 250-1200 m altitude (Romo 1989; Sainz et al. 1996) .
Sampling strategy
Genetic diversity was assessed through standard starch gel electrophoresis of allozymes (Soltis et al. 1983; Wendel and Weeden 1989) . The sampled populations were selected using criteria of overall geographic range and accessibility (Table 1, Fig. 1 ). The populations of P. montsicciana at the Camarasa (CAM) and Terradets gorges (TER) were sampled from February to March 1999, whereas the other two populations, at Mont-Rebei pass (MRB) and La Móra Comdal rocks (MCO), were sampled from February to March 2000. The three populations of P. pardoi, at Aiguaviva (AGV), Cantal Badat (CBD), and Barranc de la Mare de Déu rocks (BAR), were sampled in February 2000. Sampling was mainly linear, since these species grow in vertical rocky walls, and comprised the range of populations when it was entirely accessible. Samples were collected about 50-100 cm apart, and consisted of young leaves from hanging stems, which were placed into envelopes, transported to the laboratory, and stored at 4°C until extraction. Leaf samples were collected carefully to minimize the potential damage to populations.
Electrophoresis
Leaf fragments were homogenized in refrigerated porcelain plates using a cold extraction buffer consisting of 0.05 M Tris-citric acid, 0.1% cysteine-HCl, 0.1% ascorbic acid, 8% PVP-40, and 1 mM 2-mercaptoethanol. Extracts were absorbed onto 3 mm Whatman filter paper, either to be analyzed immediately or stored at -20°C until analysis 1 or 2 days later.
Using 12.5% starch gels, 21 enzymes were assayed, 10 of which were resolved in three buffer systems, obtaining 16 loci (Aat, Aco-1, Adh, Me, . (Jeffries and Gottlieb 1982) . Staining procedures for all enzymes followed the method described by Vallejos (1983) , Shields et al. (1983) , and Wendel and Weeden (1989) , with small modifications (see Bosch 1999) .
Genetic analyses
Loci were numbered consecutively, and alleles at each locus were labeled alphabetically, beginning from the most anodal form in both cases. Isozyme phenotypes were interpreted genetically ac- cording to standard principles (Wendel and Weeden 1989) . To calculate the levels of genetic diversity, the following statistics were computed: P, the percentage of polymorphic loci when the most common allele had a frequency of <0.95; A, the mean number of alleles per locus; A p , the mean number of alleles per polymorphic locus; H o , the observed heterozygosity and H e , the expected panmictic heterozygosity. We also computed the mean fixation index, F, to compare genotype proportions with those expected under the Hardy-Weinberg equilibrium. The partitioning of genetic diversity within and between populations was analyzed using Nei's (1973) gene diversity statistics: total genetic diversity (H T ), genetic diversity within populations (H S ), genetic diversity between populations (D ST ), and proportion of total genetic diversity between populations (G ST ) were calculated for all populations. Gene flow (Nm) was determined using Wright's (1951) 
We also calculated Nei's (1972) genetic distance (D) and Nei's (1978) genetic identity (I). Using UPGMA (unweighted pair-group method with averaging), populations were clustered into a dendrogram on the basis of their pairwise values for I. The BIOSYS-1 version 1.7 software was used for most calculations and for dendrogram construction (Swofford and Selander 1989 
Results
Allelic richness and levels of genetic diversity
Among the 16 interpretable loci, we detected 53 alleles (49 in P. montsicciana and 39 in P. pardoi) from the two species (Table 2) , 35 of which were common to both taxa. Fourteen alleles were unique to P. montsicciana, whereas only four were unique to P. pardoi. The richest population, with 39 alleles, was MCO, belonging to P. montsicciana; and the poorest populations, with 29 alleles, were both TER and BAR, which belonged to P. montsicciana and P. pardoi, respectively. Private alleles (found in only one population of one species) were found in four populations: Aat-a, in the CAM population; Dia-2a, 6Pgd-1d, and 6Pgd-1e at MRB; Dia-3a at BAR; and 6Pgd-2d at AGV. Rare alleles (alleles with frequencies less than 0.05) were found in all populations of both taxa, totaling 17 alleles in P. montsicciana and 7 alleles in P. pardoi.
If loci are considered polymorphic when they have more than one allele regardless of frequency, then all loci in P. montsicciana were polymorphic. Dia-2, Dia-3, Me, 6Pgd-1, Pgm-1, Pgm-2, Prx-1, and Prx-2 were polymorphic in all populations, and Adh was monomorphic within each population. In P. pardoi, three loci (Aat, Adh, and Pgi-2) were monomorphic. The Adh locus showed the same allele in all populations studied (Adh-a) except CAM, which showed the Adh-b allele.
Petrocoptis montsicciana showed higher levels of genetic diversity than P. pardoi (Table 3) : polymorphic loci (P) reached 70.3% in P. montsicciana and 56.3% in P. pardoi, and the number of alleles per locus and the number of alleles per polymorphic locus were higher in P. montsicciana (A = 2.2 ± 0.29 (mean ± SD) and A p = 2.6 ± 0.33) than in P. pardoi (A = 1.9 ± 0.15 and A p = 2.3 ± 0.11). Observed heterozygosity was lower than expected panmictic heterozygosity in both P. montsicciana (H o = 0.121 ± 0.020 and H e = 0.239 ± 0.038) and P. pardoi (H o = 0.072 ± 0.006 and H e = 0.192 ± 0.015). Taking both species together, the most variable population was MCO (H e = 0.291, SE = 0.046), while the population with the least diversity was BAR (H e = 0.175, SE = 0.047).
We used a χ 2 test to evaluate deviations of F from zero (Table 4) . Nineteen of the 80 tests indicated Hardy-Weinberg proportions (p ≥ 0.05), whereas 61 F values were significantly greater than zero (p < 0.05), indicating a deficiency of heterozygotes.
Partitioning of genetic diversity
Mean total gene diversity at the population level was slightly higher in P. montsicciana (H T = 0.384) than in P. pardoi (H T = 0.298) ( Table 5 ). Genetic diversity within populations and genetic diversity between populations were also higher in P. montsicciana (H S = 0.239 and D ST = 0.144) than in P. pardoi (H S = 0.192 and D ST = 0.105). The proportion of total genetic diversity due to differences among populations (G ST ) was 0.376 in P. montsicciana and 0.354 in P. pardoi. Gene flow values were very low in both species (Nm = 0.415 for P. montsicciana and Nm = 0.456 for P. pardoi).
Both taxa exhibited low levels of genetic identity and high levels of genetic distance between pairs of the different populations sampled. Values for I were relatively low in two taxa, slightly higher in P. pardoi than in P. montsicciana (mean 0.870, range 0.805-0.963 for P. pardoi; mean 0.809, range 0.678-0.892 for P. montsicciana). In consequence, values for D among populations were high in both species (mean 0.142, range 0.038-0.217 for P. pardoi; mean 0.215, range 0.114-0.389 for P. montsicciana). The dendrogram from the UPGMA pairwise values for I analysis clustered the four populations of P. montsicciana and the three populations of P. pardoi (Fig. 2) as expected. Genetic identity among populations within the two taxa did not have a geographic pattern. Thus, the most distant populations in P. montsicciana (MCO and MRB; Table 6 ) were genetically closer than the nearest ones (CAM and TER). Between taxa, I was relatively high (mean 0.724, range 0.586-0.853) compared with identities between pairs of populations.
Discussion
Genetic diversity in P. montsicciana and P. pardoi
There is a general idea that rare or endemic species are genetically depauperate, suggested long ago by Stebbins (1942) , who four decades later recognized that there was not a clear correlation between levels of genetic diversity and the rarity or commonness of plant species (Stebbins 1980) . Although well-known compilations of plant allozyme data (Hamrick and Godt 1990, 1996) show a repetitive pattern of low genetic diversity in rare species, we should not assume this is a necessary characteristic of endemic species.
Low levels of genetic diversity found in endemic taxa may be due to the effects of small population size and (or) the taxa's isolation (Barrett and Kohn 1991) or to limited environmental ranges of habitat species (Babbel and Selander 1974) . Since the habitats of Petrocoptis studied here are highly homogeneous and specialized (they consist of limestone exposed to the sun in gorges and narrow mountain passes), low levels of allozyme diversity in P. montsicciana and P. pardoi were expected. Surprisingly, these taxa had higher than average levels for endemic species (P = 26.3%, A = 1.39, and H e = 0.063 at population level; Hamrick and Godt 1990) , and for widespread species (P = 43.0%, A = 1.72, and H e = 0.159; Hamrick and Godt 1990) . Several studies of endemic and narrow species have demonstrated that geographic range is not always a good predictor of the genetic diversity of plant species. In the Mediterranean basin, which is considered today a biodiversity "hotspot" (Myers et al. 2000) , we can find a large number of examples of endemic taxa with high levels of allozyme diversity: Artemisia molinieri (Torrell et al. 1999 1999) . These last two species grow in the same type of habitat as Petrocoptis. Breeding systems also correlate with levels of genetic diversity, so that predominantly selfing species have less genetic diversity than outcrossing ones (Hamrick and Godt 1996) . The two outcrossing and entomophilous taxa analyzed here showed much higher than average levels for outcrossing plants pollinated by animal species (P = 35.9%, A = 1.54, and H e = 0.124; Hamrick and Godt 1990) . Large populations should maintain higher levels of genetic variability than small ones (Wright 1931; Kimura and Crow 1964; Barrett and Kohn 1991) . Low levels of genetic diversity in small populations may be due to inbreeding, genetic drift, founder effects, genetic bottlenecks, or other his- 
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0.650ns 0.829*** 1.000*** 0.778** -0.782*** 1.000*** Dia-3 1.000*** 0.762*** 0.545*** 1.000*** 1.000*** 1.000*** 1.000** toric factors. Both P. montsicciana and P. pardoi show no correlation between population size and genetic variation, a phenomenon that has been reported in other studies (Maki et al. 1996; Williamson and Werth 1999) . Among the seven populations sampled, the largest one (BAR with a population size of about 5000) had lower levels of allozyme diversity than smaller populations such as MCO (population size of about 200 individuals). The values for H o were lower than those for H e in all populations of the two taxa. Deficiency of heterozygotes in plant species can be explained mainly in two ways: (i) inbreeding within populations and (ii) genetic substructuring of populations (Wahlund effect). Since both P. montsicciana and P. pardoi are outcrossing species that avoid self-pollination, inbreeding within populations is unlikely. However, limited seed and (or) pollen dispersal of these species could lead to a spatial structure in subpopulations. The analysis of F for all polymorphic loci in all populations revealed that 19 loci were in Hardy-Weinberg equilibrium, while 61 loci showed heterozygote deficiencies, probably because of local structuring of populations. Short flight distances performed by pollinators or repetitive visits to the same plant (M. Bosch, J. López-Pujol, J. Simon, and C. Blanché, unpublished data) may explain pollen dispersal between closely located and related individuals sharing very similar genotypes. Seed-dispersal mechanisms are not yet completely known but seem to be very limited. Seeds are dispersed by gravity, although spider webs, which are common on limestone walls, could act as seed receptacles (Sainz et al. 1996) and limit their dispersal. Another factor that could contribute to low seed dispersal is the promoting of seed deposition at the base of mother plants in Petrocoptis species, by the bending of pedicels (García 1993) . Limited seed and pollen dispersal are thought to be the main reasons for the spatial substructure of populations in neighborhoods.
Distribution of genetic diversity
Although endemic species tend to show less genetic diversity (H T ) than more widespread species, such a pattern with respect to genetic divergence between populations (G ST ) is not found (Hamrick and Godt 1990, 1996) . Outcrossing taxa have more genetic diversity than selfing species, with the former having more genetic diversity within species (H S ) and lower divergence among populations (G ST ) (Hamrick and Godt 1996) . The H T estimates in P. montsicciana and P. pardoi were higher than expected for endemic species (0.263) but similar to those expected for outcrossing animal-pollinated species (0.310). The H S values were slightly higher in both taxa than expected for endemic species (0.163) and lower than expected for outcrossing animal species (0.243). The genetic divergence among populations found in P. montsicciana and in P. pardoi, which runs at near 40%, is much higher than the mean values for endemic and outcrossing animal species (0.248 and 0.197, respectively) (Hamrick and Godt 1996) . Nei's (1978) genetic identity (SD = 9.399%; cophenetic correlation = 0.731).
Gene flow estimates, as calculated from G ST values, are consequently very low in both taxa (Nm = 0.415 for P. montsicciana and Nm = 0.456 for P. pardoi). A Nm value of 1.0 is considered enough to prevent divergence attributable to genetic drift (Wright 1951) ; thus, gene flow appears not to be a strong enough force to deter the random loss of alleles in P. montsicciana and P. pardoi. Geographic isolation of populations and limited pollen and seed dispersal may explain the low values of Nm. In both taxa studied, flight distances of insect pollinators are probably much shorter than distances between populations (mean distance between populations of P. montsicciana was 33.2 km, range 14.7-55.5 km; mean distance between populations of P. pardoi was 4.1 km, range 2.5-6 km), so the contribution of pollen dispersal to gene flow among populations is minimal.
Low seed and pollen dispersal observed in these species give low values of gene flow, but also promote structuring of populations in neighborhoods, as also occurs in the a chasmophyte, Antirrhinum microphyllum (Torres 1999 ). Low germination rates and seedling establishment (Sainz et al. 1996) , as observed in P. crassifolia (García 1993) , magnify structure in subpopulations, since they limit introduction of new genetic material into other neighborhoods.
Relationships between taxa
The genus Petrocoptis is a relict that appeared in the Tertiary age and lost contact with central European flora after the Quaternary glaciations. Speciation within the genus was probably due to the fragmentation of its distribution area, because of climatic changes (Mayol 1998) . The most recent taxonomic treatment by Mayol and Rosselló (1999) postulates one single taxon, grouping together P. montsicciana and P. pardoi as the species S. pardoi. Genetic identity between pairs of populations was relatively low in the two taxa (mean I 0.870, range 0.760-0.884 for P. pardoi; mean I 0.809, range 0.678-0.892 for P. montsicciana), quite a bit smaller than expected for conspecific populations (mean I 0.950, range 0.900-1.000 ; Gottlieb 1981; Crawford 1983) . These low levels of identity can be explained by the isolation of populations; however, for interspecific comparisons the range of values between populations is wider (0.586-0.853). Genetic identity between taxa is not much lower (mean I 0.724) than identities between populations and slightly higher than expected for congeneric species (mean I 0.670; Gottlieb 1981) .
Another plausible hypothesis is that the two taxa form a pair of recently derived progenitor-derivative species for which: (i) there may be high genetic identities between both species; (ii) the progenitor should have greater genetic diversity than the derivative; (iii) the derivative should contain a subset of the alleles present in the progenitor; and (iv) there are few, if any, unique alleles to both species, because of inadequate time to accumulate new mutations (Gottlieb 1973; Crawford 1983) . We assume that the derivative species is P. pardoi, since it has a much narrower geographic range than P. montsicciana. In addition, since P. pardoi is the only species of Petrocoptis distributed outside the Cantabrian-Pyrenean axis, it could be interpreted as a southern disjunction in the geographic range of P. montsicciana. Petrocoptis pardoi has less genetic diversity than P. montsicciana and exhibits a subset of the alleles present in P. montsicciana. Also, P. pardoi has only four unique alleles, whereas P. montsicciana has 14 unique alleles. The dendrogram from the UPGMA pairwise values for I analysis clearly showed two clusters: one for the populations of P. montsicciana and another for populations of P. pardoi (mean geographic distance between clusters is 169 km), although this does not necessarily support the progenitor-derivative hypothesis.
The north-south migration paths subsequent to glacial phenomena are well known in the Mediterranean flora (Stebbins 1971 , Küpfer 1974 , Galland 1988 Hewitt 1996; Cain et al. 2000) . However, consequences of these migrations for the patterns of present-day diversity can vary greatly. Some species, such as Abies alba, have apparently given rise to an explosion of microspecies at their southernmost expansion because of their isolation from a former continuous area (Abies nebrodensis, Abies pinsapo, Abies maroccana, Abies numidica, etc.; see Greuter et al. 1989 ). The species of genus Petrocoptis are currently interpreted as Tertiary relicts and, as is the case with other Pyrenean endemics, a southwards migration under glacial conditions is assumed to have lead to (i) the isolation from central European stocks and (ii) the isolation of small units of narrow endemic species in distinct mountain ranges in southwestern Europe (Mayol 1998 and references therein). The Petrocoptis model suggests a difficult southwards expansion, which implies some genetic impoverishment, although it cannot be fully considered a case of genetic bottleneck, since so much genetic variation is still retained by P. pardoi populations. This limitation cannot be attributed to habitat restriction (there is a great diversity of similar habitats available south of the P. pardoi cluster) but rather to limitations in long-distance dispersal and the consequent restriction of gene flow between the newly established populations and the main gene pool of the ancestral species. A similar pat- tern of impoverishment by loss of gene flow of extremely marginal populations with the main species gene pool has been reported in the ancestral-derivative pair Delphinium fissum -Delphinium bolosii group (Ranunculaceae) in the Mediterranean area during the Messinian period, in this case, mainly in an east-west direction (Bocquet et al. 1978 , Bosch et al. 1998 . Although genetic methods do not allow direct characterization of long dispersal events (Cain et al. 2000) , the combinations of allozyme and biogeographic or geologic data provide useful ways of understanding speciation processes in pairs of derived progenitor species (Levin 2001 , and references therein) at the appropriate geographic scale, particularly in endemic species.
Conservation implications
The knowledge of the genetic variation of a species is essential for managing a comprehensive conservation plan (Hamrick 1983; Falk and Holsinger 1991; Ellstrand and Elam 1993; Loeschcke et al. 1994) . Maintenance of levels of genetic diversity is one of the main goals of conservation programs (Frankel and Soulé 1981; Simberloff 1988 ) and allows the preservation both of the potential for evolutionary change and of potential response to biotic and (or) abiotic environmental changes (Barrett and Kohn 1991) .
Plant species survival can be affected by two kinds of threats: natural and anthropogenic. The natural risks to P. montsicciana and P. pardoi are related to their low germination and renewal rates, observed in the field by us and other researchers (Sainz et al. 1996; Mayol 1998) . Preliminary recruitment rates data accumulated in the last 4 years (M. Bosch, J. López-Pujol, J. Simon, and C. Blanché, unpublished data) show that there were no newly established plants in the five monitoring plots designed in populations CAM and TER; populations maintained similarity in size, although some adult individuals were lost. However, their high levels of genetic diversity ensure their response to stochastic events of demographic, ecological, and (or) climatic origin. Several anthropogenic activities also threaten the survival of these species. Perhaps the most important one is the destruction of limestone by road construction or improvement. Other threats are climbing (a common threat to several chasmophytic species; Nuzzo 1995 Nuzzo , 1996 Torres 1999) , fires, and over-collection of individual plants.
Given the vulnerable status of these species, both in situ and ex situ conservation measures are needed. The clearest in situ measure is the protection of their habitat. At present, habitat protection is not the same for the two taxa. The largest population of P. pardoi, BAR (population size about 5000), constitutes a botanical microreserve (Diari Oficial de la Generalitat Valenciana 1994), but populations of P. montsicciana have no such specific protection. Rare alleles were found in all sampled populations but can easily be lost by processes of genetic drift, which are enhanced by reductions in population size (Barrett and Kohn 1991) . Thus, a monitoring program for both taxa is required to ensure the maintenance of the present population sizes. Although seeds from both taxa are conserved in several seed collections of germplasm banks, this is not the best conservation policy because of their very low germination rates (5.5% success in P. montsicciana, see López-Pujol 2000).
